A compact wavelength demultiplexing structure based on arrayed metal-insulator-metal (MIM) slot cavities is proposed and demonstrated numerically. The structure consists of a bus waveguide perpendicularly coupled with a series of slot cavities, each of which captures SPPs at the resonance frequency from the bus waveguide and tunes the transmission wavelength by changing its geometrical parameters. A cavity theory model is used to design the operating wavelengths of the structure. Moreover, single band transmission of each channel and the adjustable transmission bandwidth can be obtained by altering the drop waveguide positions and the coupling distance. The proposed arrayed slot cavity-based structure could be utilized to develop ultracompact optical wavelength demultiplexing device for large-scale photonic integration. As one of the most important devices in communication, plasmonic filters based on MIM waveguides have been studied widely in recent years, such as plasmonic grating [11] [12] [13] , ring and nanodisk resonators [14, 15] , and stub or tooth shaped waveguide filters [16, 17] . All these structure can operate as individual bandpass or bandstop filters. However, in many cases, such as WDM systems, it is necessary to separately select several specific wavelengths in different channels. In order to realize this function, only limited plasmonic demultiplexing devices have been proposed. Recently, Li et al.
Surface plasmon polaritions (SPPs), which are waves propagating along a metal-dielectric interface with an exponentially decaying field in both sides, have been considered as energy and information carriers to overcome the diffraction limit of light in conventional optics [1] . A variety of plasmonic waveguides, e.g., wedges [2] , V-grooves [3] , metallic strips and nanowires [4] , metalinsulator-metal (MIM) structure [5, 6] have been proposed. The MIM configuration can manipulate and control light in nanoscale, and as a result has attracted much interest from researchers. Several MIM waveguide-based structures have been numerically and/or experimentally demonstrated, such as bends [7] , splitters [8] , Y-shaped combiners [9] , and Mach-Zennder interferometers [10] .
As one of the most important devices in communication, plasmonic filters based on MIM waveguides have been studied widely in recent years, such as plasmonic grating [11] [12] [13] , ring and nanodisk resonators [14, 15] , and stub or tooth shaped waveguide filters [16, 17] . All these structure can operate as individual bandpass or bandstop filters. However, in many cases, such as WDM systems, it is necessary to separately select several specific wavelengths in different channels. In order to realize this function, only limited plasmonic demultiplexing devices have been proposed. Recently, Li et al. [18] designed a structure of metallic nanoparticle arrays capable of wavelength division multiplexing but it requires rigorous periodicity over a large scale to obtain high wavelength selectivity. To promote the miniaturization and integration of devices, a plasmonic structure with two cavities embedded in the branches of Y-bent waveguide is designed to drop only two operating wavelengths [19] . Subsequently, a compact wavelength demultiplexer based on plasmonic nanocapillary resonators [20] is proposed and demonstrated. Attributed to the weak resonance induced by the effective index difference between nanocapillaries and bus/drop waveguides, the structure is limited to broadband wavelength demultiplexing. In this Letter, an ultracompact wavelength demultiplexing structure based on arrayed plasmonic slot cavities is proposed and analyzed by using the finitedifference time-domain (FDTD) method. The analytic and simulation results demonstrate that not only can the specific demultiplexed wavelength of each channel be designed by selecting proper length of the slot cavity, but the widths of the transmission band can be manipulated by adjusting the coupling distance between the slot cavity and bus/drop waveguides. In addition, by choosing the proper position of the drop waveguide, the second resonance peak of the cavity can be avoided so that only a single band is transmitted in each channel.
As shown in Fig. 1 , the proposed 1 × N demultiplexing structure is simply composed of several plasmonic slot cavities coupled with the bus and drop waveguides. The materials in the gray and white areas are set to be silver and air (ε d ¼ 1). w t and L 1 stand for the width and the length of the first slot cavity, respectively. t is the coupling distance between the slot cavity and the bus/drop waveguides. d is the distance between two adjacent slot cavities. Since the width of the bus waveguide is much smaller than the incident wavelength, only the fundamental TM mode is excited in the structure, whose dispersion relation is governed by following equations [21] 
where ε d and ε m are, respectively, dielectric constants of the insulator and metal, and k 0 ¼ 2π=λ 0 is the free-space wave vector. The complex relative permittivity of silver ε m ðωÞ can be characterized by the well-known Drude mode ε m ðωÞ ¼ ε ∞ − ω p =ωðω þ iγÞ, where ε ∞ ¼ 3:7, ω p ¼ 9:1 eV, γ ¼ 0:018 eV [14] . In the following simulation, the nonuniform grids are adopted and the maximal grid size is less than 4 nm for good convergence of numerical calculations. The TM-polarized incoming pulse is generated at the left end of the bus waveguide. The transmitted power flows (defined as
, which is integrated over the cross section of the waveguides), detected in the positions Q, are recorded as a function of time, and finally, are Fourier transformed to obtain the transmission spectra of the structure. As an example, three slot cavities (N ¼ 3) are designed to split the first, second, and third optical transmission windows; additional slot cavities can be added to realize demultiplexing capability for additional wavelengths. The parameters of the structure are set to be w
The tabulation of the optical constants of silver [22] is used in the simulation. Figure 2(a) shows the transmission spectra at the outputs of three channels. We can see that this arrayed cavities based structure demonstrates wavelength demultiplexing function; the transmission bands of 980 nm, 1310 nm and 1550 nm are selected in channel 1-3, respectively. The contour profiles of the field distributions in the structure at different wavelengths are depicted in Figs. 
2(c)-2(e).
To understand the realization of wavelength demultiplexing capability in the proposed structure, the propagation behavior of SPPs in the structure is analyzed. Attributed to excitation of the standing waves inside the slot cavity, SPPs propagating along the bus waveguide will be coupled /tunneled [23] into the slot cavities and thus partly be coupled /tunneled into the drop waveguides. Defining Δϕ to be the phase delay of SPPs propagating per round trip inside the slot cavity, one has Δϕ ¼ 4πn eff L=λ þ ϕ r , where ϕ r ≡ ϕ 1 þ ϕ 2 , ϕ 1 and ϕ 2 are the additional phase shifts of a beam reflected on the upper and lower facets of the slot cavity, respectively, and L is the length of the cavity. The transmission band of each channel will be achieved only when following resonance condition is satisfied: Δϕ ¼ 2mπ. Here, positive integer m corresponds to the order of the resonance mode. So the transmission wavelengths in the output section can be expressed as
The phase shift ϕ r can also be calculated numerically [24] . Here, we approximately estimate the transmission wavelengths of the structure from Eq. (4) Based on the theoretical analysis above, the operating wavelength of the proposed structure can be effectively modulated by altering the length of the slot cavity, and the effective index of SPPs in the cavity, which is determined by its width. Figure 2 (b) reveals that the transmission wavelength of each channel has a linear relationship with length of the slot cavity and exhibits redshift while increasing the value of L, which is in conformity with the solution of Eq. (4). Therefore, the desired wavelength in each channel is achievable by properly selecting the specific parameters of the structure, such as the length or width of the slot cavity.
As shown in Fig. 2(a) , two second resonance peaks (for m ¼ 2) around 650 nm and 800 nm also appear in channel 2 and channel 3, respectively, which could not be avoided in previous research [19, 20] . However, in our proposed structure, these undesired resonance peaks can be easily removed by selecting proper position of the drop waveguide, because SPPs cannot be coupled out from the slot cavity in the position with the fields jHj 2 ¼ 0. Accordingly, the drop waveguides of channel 2 and channel 3 are, respectively, moved to the positions A and B [as shown in Fig. 3(a) ], which are the antinodes (jHj 2 ¼ 0) of standing waves for second resonance mode. Figure 3(b) shows only that the first resonance modes around 1310 nm and 1550 nm can coupled to the drop waveguide and thus the second resonance mode around 650 nm and 800 nm is completely removed in this case. This property can be utilized to realize single band transmission of each channel in the proposed demultiplexing structure.
Next, the influence of the coupling distance t on the transmission spectra of the structure is studied. The inset of Fig. 4 (a) reveals that the FWHM (full width at half maximum) of the transmission is inversely related to the value of t, because a large coupling distance would result in a small coupling strength, which will enhance the "cavity" effect due to the small amount of energy coupled out of the slot cavity. In addition, as seen in Fig. 4(a) , a large coupling distance will also decrease the peak intensity of transmission and result in the shift of the transmission peak wavelength, which is attributed to the change of the additional phase shifts ϕ r on the two facets of the slot cavity as the coupling distance increases. Accordingly, the bandwidths of the proposed structure can be tuned by controlling the value of t. However, the strong evanescent coupling only occurs when the coupling distance is smaller than the field skin depth (less than 30 nm [21] ) in metal, which demands high processing precision in the manufacture [5, 12] of the device.
Finally, to further exemplify the scalability of the proposed wavelength demultiplexing structure, six slot cavities (N ¼ 6) are planned in the structure to drop six operating wavelengths in different channels from the bus waveguide. The coupling distance is fixed as 15 nm to guarantee relatively narrower bandwidths, and the lengths of the slot cavities in channels 1-6 are set from 250 nm to 425 nm in increments of 35 nm. Figure 4 (b) exhibits the six-channel demultiplexing capability of the structure.
In summary, a compact wavelength demultiplexing structure based on arrayed MIM slot cavities is proposed and numerically demonstrated by the two-dimensional FDTD method. In the proposed structure, every slot cavity can capture the evanescent fields of SPPs propagating along the bus waveguide and act as a plasmonic resonator. Both the theory and simulation demonstrate that the characteristics of transmission band, including the transmission wavelength and bandwidth, of each channel can be modified by adjusting the length of the cavity and the coupling distance between the cavity and bus/drop waveguides. Moreover, single band transmission is achievable in each channel by locating the drop waveguide in the position of the antinodes of second resonance mode to remove the corresponding transmission peak. The result above implies that the wavelength demultiplexing structure can find favorable applications in all-optical integrated architectures for optical computing and communication, especially in WDM systems in nanoscale. 
